Serum concentrations of hemopexin, transferrin, and albumin were measured for 12 fetuses between 14 and 36 weeks of gestational age. Hemopexin levels ranged from 7 to 64 pg/ml, transferrin levels ranged from 280 to 928 pg/ml, and albumin levels ranged from 13 to 59 mg/ml. In general, the serum concentrations of these three proteins increased with advancing gestation.
Mammalian serum contains two major porphyrin-binding proteins, hemopexin and albumin (1 I). Hemopexin has a higher binding affinity for metalloporphyrins than albumin (15) and is instrumental in the disposal of heme (5, 8, 9, 14, 19) . The liver is the site of hemopexin synthesis in rhesus monkeys (17) , rabbits (17) , and rats (12) . In the present study, human fetal tissues were cultured and examined for the relative amounts of hemopexin, albumin, and transferrin produced.
MATERIALS A N D METHODS FETAL TISSUES
Serum samples of fetuses were obtained by heart puncture.
Tissuc culturcs of livcr, placenta, thymus, a n d colon of h u m a n fetuses, 12-25 weeks old, were developed by Dr. Peter F. Kohler (20) , employing [14C]lysine and [14C]isoleucine (4) . Culture supernatants were dialyzed against 0.015 M phosphate-buffered saline (PBS), pH 7.4, lyophilized, dissolved in distilled water (0.2-0.3 ml), shipped to La Jolla on Dry Ice, and stored at 7 0°.
Tissues for absorption of antisera were obtained from fetuses within 5 hr of saline-induced abortion. Small pieces of liver, placenta, thymus, and colon were passed through a stainless steel mesh with the aid of screen rakes. Cells were washed three times with PBS and mixed with 3 volumes antiserum/l volume of cells. The mixtures were incubated at 37O for 30 min, at 4' for 48 hr, and then the cells were removed by centrifugation at 1,200 x g for 30 min.
DEVELOPMENT O F ANTISERA Hemopexin was purified from Cohn fraction IV-7, a gift of Squibb Pharmaceutical Co. (21) , as previously reported (2) . Albumin and transferrin were purchased from the Behringwerke (22) , and bovine y-globulin Fr I1 (BGG) from Pentex (23 
MEASUREMENT O F "C-AMINO ACID INCORPORATION
T o 5-50-pl aliquots of culture supernatant, 50 1 1 normal human serum as carrier protein were added and the nonspecific radioactivity was precipitated by addition of equivalent amounts of R G G and anti-BGG. T h e mixture was incubated 37' for 30 min, at 4' overnight, and centrifuged at 1,200 x g for 30 min at 4'. The supernatants were then used for precipitation with the monospecific antisera added to antibody excess. The reaction mixtures were incubated and centrifuged as described above. The radioimmune precipitates (RIP) were washed three times with phosphate-buffered saline, dissolved in 0.1 ml 3 N NaOH, kept a t 56' for I hr, mixed with 1 ml Beckman Bio-Solv no. 2 (27) and poured into scintillation vials. Tubes were rinsed once with 2 ml MeOH and three times with 2 ml toluene fluor (2,5-diphenyloxazole, 4 g/liter; 1.4-bis-2-[(4-methyl-5-phenyloxazolyl)]benzene, 50 mglliter in dry toluene). All rinses were added to the scintillation vials and the radioactivity was measured to a 5% error factor in a Beckman p-scintillation counter. 14C counts below twice background (54 MULLER-EBERHARD ET A L cpm) were not considered significant. Results were expressed as gestational age' Hemopexin levels ranged from to 64 ~g /~l ' ZCulture supernatants were subjected to a bovine y-globulin Fr 11 These values are less than 10% of those in adults (500-1,000 (BGG)-anti BGG precipitation before precipitation with the specific pg/ml) (7)' Transferrin levels ranged from 280 928 pg/ml' antisera, The 14C content of the BGG-anti-BGG precipitates ranged from approximately 50% of adult values. Albumin levels ranged from 13 I 1 5 to 300 ~p m /~l culture fluid. mg/ml up to 59 mg/ml, which is similar to values found by us and Each antiserum was absorbed with whole fetal cells of the respective others in adults (10, 16) . In general, the serum concentration of the organ. three proteins increased with advancing gestational age. No 4 BK: background (values twice background counts per minute were correlation existed, however, between the serum concentrations of considered significant). hemopexin, transferrin, and albumin at any given time.
Tissue culture fluids from 10 placentas, 8 thymuses, and 5 colons were analyzed for production of albumin, transferrin, and hemo- Anti-transferrin <BK The 14C content in the R I P for albumin and hemopexin were Anti-hemopexin 57.0 1.12 similar before and after two absorptions with liver cells but those 17 Anti-albumin 2,690.0 72.9 for transferrin became insignificant. Seventy-five per cent of the Anti-transferrin 27.6 0.75 14C counts in the culture fluid of liver tissue fragments resided in Anti-hemopexin 150.8 4.09 protein of which 38% was albumin and 4.3% was hemopexin. In Table 2 , results are listed from R I P obtained with absorbed Each antiserum was absorbed with whole fetal liver cells. antisera for four other hepatic cultures. The ['4C]albumin ac2Average of duplicate determinations. counted for 22-73% and the [14C]hemopexin for 1.1-4.2% of the Percentage of total ethanol-precipitable counts per minute; more than total '4C-labeled proteins. In each instance, the 14C content of the 60% of the total radioactivity in the culture fluid was ethanol precipitable. R I P for transferrin was below 1% of the total 14C-labeled protein.
BK: background (values twice background counts per minute were considered significant.
DISCUSSION
We demonstrated the incorporation of isotope-labeled amino acids into hemopexin, albumin, and transferrin by fetal liver tissue in vitro. The immunoprecipitation method used enabled us to compare relative amounts of synthesis for these proteins. The fact that these proteins are produced by the fetal liver had been shown previously by radioautography (1).
Protein concentrations in fetal sera from 14 to 36 weeks of gestational age were similar to adult values for albumin (10) : about 50% of adult values for transferrin, but less than 10% of adult values for hemopexin (7) . The fetal serum concentrations do not reflect the relative amounts of synthesis of these proteins by the liver observed in our in vitro data. Alternate sites of synthesis may be the reason for the substantial serum transferrin levels (17) . The very low serum hemopexin levels encountered imply either a low rate of incorporation of radiolabeled amino acids into hemopexin or rapid catabolism. The first possibility appears to be excluded since hemopexin comprised about 4.0% of the total 14C-labeled protein. There is probably no preferential incorporation of [14C]leucine and [14C]isoleucine into hemopexin, for the content of these amino acids is similar in hemopexin, albumin, and transferrin (13) . The relative amounts of hemopexin and albumin produced by the human fetal liver are similar to those recently found in tissue cultures of fetal and adult rat liver tissues in which the proteins were determined quantitatively (3). Therefore, the very low human fetal serum concentration of hemopexin observed probably does not reflect a decreased rate of synthesis but rather an increased rate of turnover of this protein in the fetus as compared with the adult.
SUMMARY
Protein concentrations in human fetal sera from 14 to 36 weeks of gestational age were similar to adult values for albumin, approximately half for transferrin, and less than 10% for hemopexin.
Culture fluids of fetal tissue from 10 placentas, 8 thymuses, and 5 colons were analyzed for production of albumin, transferrin, and hemopexin. Immunoprecipitates with absorbed antisera indicate that these organs do not synthesize the three proteins. By contrast, five culture supernatants of fetal liver tissue showed significant synthesis of albumin and hemopexin. Sixty per cent of the 14C counts in the culture fluids resided in protein, 22-73% of total protein was albumin, 1.1-4.5% was hemopexin, and less than 1% was transferrin.
